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POSITIVE RESIST COMPOSITION 

FIELD OF THE INVENTION 
The present invention relates to a positive resist 
composition suitable for use in nanoli tho graph y processes 
for manufacturing VLSI and high-capacity microchips, or 
other photo-fabrication processes. More specifically, 
the invention is concerned with a positive resist 
composition capable of forming finer-resolution patterns 
byusingelectronbeams, X-rays or EUV rays. In particular, 
the invention relates to a positive resist composition 
highly suitable for use in super minute patterning for 
semiconductor devices by utilizing high-energy beams, 
such as electron beams. 

BACKGROUND OF THE INVENTION 

In manufacturing processes of semiconductor 

devices, such as ICs and LSI circuits, fine patterning 

by photolithography using resist compositions has 

hitherto been carried out. In recent years, demand for 

superfine patterning in a submicron region or a 

quarter-micron region has grown as integrated circuits 

have increased in packing density. In order to meet such 

a demand, exposure light sources used in photolithography 

have been changed to those of shorter wavelengths, 
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specifically from g-ray to i-ray, further to KrF excimer 
laser light. In addition to photolithography using 
excimer laser light, developments of lithography 
processes using either electron beams, or X-rays, or EUV 
light are proceeding now, too. 

As resists suitable for the lithography processes 
using electron beams , X-rays and EUV light , respectively, 
chemical amplification resists utilizing acid-catalyzed 
reaction are mainly used from the viewpoint of increases 
in sensitivity. With respect to positive resists, 
chemically amplified resist compositions whose main *. 
components are polymers having properties of being : 
insoluble or slightly soluble in alkaline aqueous 
solutions and becoming soluble therein under the action 
of acids (hereinafter referred to as acid-decomposable 
resins, too) and acid generators are used effectively. 

Trans fer of resist techniques for KrF excimer laser 
to positive resists for electron-beam lithography or X-ray 
lithography have been mainly tried so far, and feasibility 
thereof has been contemplated. For instance, Patent 
Document 1 ( JP-A- 2 - 1 9 8 4 7 ) discloses the resist 
composition containing poly(p-hydroxystyrene) whose 
phenolic hydroxyl groups are totally or partially 
protected by t e tr ahydr opyr anyl groups. 

Patent Document 2 ( JP-A- 4 - 2 1 9 7 57 ) discloses the 
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resist composition containing a polymer obtained by 
replacing 20 to 70 % of the phenolic hydroxyl groups in 
poly (p-hydroxys tyrene ) with acetal groups. 

Patent Document 3 ( JP-A- 2 0 02 - 4 9 1 5 6 ) discloses the 
positive photoresist composition containing a polymer 
obtained by replacing phenolic hydroxyl groups of 
poly (p-hydroxys tyrene ) with acetal groups of two 
different kinds and thereby giving excellent performances 
in terms of resolution, development defect, linearity 
and dry-etching resistance. 

Patent Document 4 ( JP-A- 2 0 02- 32 3 7 6 8 ) discloses the 
resist composition ensuring improved 1 ine- width 
stability in patterns formed under a condition ithat the 
.resist coating is left standing in vacuo after exposure. 

However, the present state is that high resolution, 
slight line edge roughness and in-vacuo PED (Post Exposure 
Delay) characteristic requirements cannot be satisfied 
concurrently even by the foregoing art. 

The term "line edge roughness" refers to a condition 
that, owing to characteristics of a resist composition 
used, the edges of the interface between each resist line 
pattern and a substrate have such a shape as to fluctuate 
in a direction perpendicular to the line direction. When 
this line pattern is observed from the position right 
above, the edges look rough (to an extent of ± dozens nm) . 
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This roughness is transferred to the substrate through 
an etching process, and too rough edges cause impairment 
of electric characteristics and reduce yield* Thus, the 
desire to improve line edge roughness is growing as the 
pattern size is reduced to a quarter micron or below. 

Further, the line-width stability of patterns 
formed under a condition that the resist coating is left 
standing in vacuo after exposure (in-vacuo PED) is a very 
important property because exposure is carried out in 
vacuo when electron beams or X-rays are used as exposure 
source. Inferiority of in-vacuo PED characteristic 
causes great variations in. resist properties between the* 
beginning and the end : o.f. :dr awing with electron beams or 
X-rays; as a result, line widths of the drawn patterns 
seriously lack in-plane uniformity and a considerable 
reduction in yield occurs. *: 

In addition, there is a problem that the line edge 
roughness also becomes worse by leaving the resist coating 
standing in vacuo. 

On the other hand, the use of EUV as light source 
causes a problem that the contrast is lowered by concerted 
photochemical reaction, such as positive-to-negative 
conversion, ascribable to EUV light, because the 
wavelengths of the light source are included in the extreme 
ultraviolet region and the EUV light has high energy. 
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It is difficult for the combinations of hitherto 
known arts to ensure both very acceptable line edge 
roughness and favorable in-vacuo PED characteristic 

(variations in line width and line edge roughness) under 
irradiation with electron beams or X-rays, so it has been 
desired to attain compatibility between those two 
performances. Additionally, it has also been desired to 
achieve both sufficiently high sensitivity and contrast 
even under EUV irradiation. 

[Patent Document 1] JP-A-2-19847 

[Patent Document 2] JP-A- 4 - 2 1 97 5 7 J . * 

[Patent. Document 3] JP-A- 2002-49156 
.[Patent Document 4] JP-A-2002-3237 68 • M^t: 

SUMMARY OF THE INVENTION 

An object of the invention is to solve problems 
of performance-enhancement techniques in fine patterning 
for semiconductor devices by use of high-energy beams, 
especially electron beams, X-rays or EUV light. More 
specifically, an object of the invention is to provide 
a positive resist composition capable of satisfying both 
requirements for in-vacuo PED characteristic and line 
edge roughness when electron beams are used as an 
irradiation source and having excellent sensitivity and 
dissolution contrast when EUV light is used as an 
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irradiation source. 

The following positive resist compositions 
responsive to electron beams, X-rays or EUV are 
embodiments of the invention. 

(1) A positive resist composition for 
electron-beam, X-ray or EUV, comprising: 

(a) a polymer capable of increasing its solubility 
in an alkali developer under action of an acid, 

wherein the polymer has repeating units represented 
by formula (I) ^ repeating units represented by formula 
(II) and repeating, units, represented by formula (III), 

(b) a compound capable of generating an aci.d upon 
irradiation with an actinic ray or radiation, and 

(c) a solvent: 
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(I) 



(M) 
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wherein Li to L 4 , which are the same or different, 
each represents a hydrogen atom, a straight-chain, 
branched or cyclic alkyl group or an aralkyl group, and 



it 

Z represents a straight- chain, branched or cyclic alkyl 
group or an aralkyl group, 

W has the same meaning as Z, and 

Z and Li, or W and L 4 , may be combined each other 
to form 5- or 6-membered ring, provided that the groups 
represented by Z and W are not the same. 

(2) The composition according to the above (1), 
wherein the group represented by W is a group having an 
alicyclic or aromatic group. 

■ 03). • The composition according to the above-: d) / 
* . wherein- the polymer (a) has a molecular weight dispers ion; 
degree 'of 1:5 or below. -- \j. 

(4) The composition according to the above (1), 
wherein the content of the repeating unit represented 
by formula (I) is from 5 to 60 mole % based on the total 
repeating units in the resin. 

(5) The composition according to the above (1), 
wherein the content of the repeating unit represented 
by formula (I) is from 5 to 30 mole % based on the total 
repeating units in the resin. 
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(6) The composition according to the above (1), 
wherein the content of the repeating unit represented 
by formula (II) is from 5 to 60 mole % based on the total 
repeating units in the resin. 

(7) The composition according to the above (1), 
wherein the content of the repeating unit represented 
by formula (II) is from 5 to 30 mole % based on the total 
repeating units in the resin. 

(8) The composition according to the above (1), 
wherein the content ratio of repeating units of formula 
(I) to repeating units of formula (II) in the resin . is 
from 0.1 0 :1. to 1:0.10. • 

(9) The composition according to the above (1), 
wherein the content ratio of repeating units of formula 
(I) to repeating units of formula (II) in the resin is 
from 0.25:1 to 1:0.25. 

(10) The composition according to the above (1) , 
wherein the polymer (a) further comprises a repeating 
unit corresponding to tertiary alkyl (me th ) acrylate . 

(11) The composition according to the above (1), 
wherein the content of the component (b) is from 2 to 
10% by weight based on the total solids in the composition . 
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(12) The composition according to the above (1), 
further comprising a fluorine-based and/or silicon-based 
sur f actant . 

(13) The composition according to claim 1, further 
comprising a basic compound. 

(14) A pattern formation method comprising steps 
of forming a resist film by using the positive resist 
composition claimed in the above (1), and exposing and 
developing said resist film. 

'[•.DETAILED DESCRIPTION OF THE INVENTION . O.V.Y" 

The " invention is described below in detail -. 

An electron-beam, X-ray or EUV positive resist" 
composition relating to the invention comprises at least 
a polymer (a) having repeating units represented by 
formula (I) , repeating units represented by formula (II) 
and repeating units represented by formula (III) and 
capable of decomposing under action of an acid to increase 
solubility in an alkali developer, a compound (b) capable 
of generating an acid upon irradiation with an actinic 
ray or radiation, and a solvent (c) . 

In the present invention, the phrase "an actinic 
ray or radiation" comprises an electron-beam, X-ray and 
EUV. 



Each of the components mixed in the present positive 
resist composition responsive to electron beams, X-rays 
or EUV is illustrated below. 

(a) a polymer capable of increasing its solubility in 
an alkali developer under action of an acid, and having 
repeating units represented by formulae (I), (II) and 
(III) 

(hereinafter referred to as "acid-decomposable polymer 
(a)", too) 

An acid-decomposable polymer (a) used in the 
invention has repeating units represented by formulae 
(I) , (II) and (III) . 



In the above formulae, Li to L4, which are the same 
or different, each represents a hydrogen atom, a 
straight-chain, branched or cyclic alkyl group or an 
aralkyl group, and Z represents a straight-chain, branched 
or cyclic alkyl group or an aralkyl group. 




L 2 



(I) 



(II) 



(III) 
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W has the same meaning as Z, and Z and Li, or W and 
L 4 , may be combined each other to form 5- or 6-membered 
ring, provided that the groups represented by Z and W 
are not the same. 

Examples of an alkyl group represented by each of 
Li to L 4 , Z and W in the foregoing formulae include 
straight-chain, branched or cyclic alkyl groups 
containing 1 to 20 carbon atoms, such as a methyl group, 
an ethyl group, a propyl group, an isopropyl group, an 
n-butyl group, an isobutyl group, a t-butyl group, apentyl 
group, a cyclopentyl group, a hexyl group, a cyclohexyl 
group, an octyl- group and a dodecyl group. These groups 
each may have a substituent. 

Suitable examples of a substituent the alkyl" group 
represented by "Li to L 4 , Z and W each may * have include 
an alkyl group , an al koxy group , a hydroxy 1 group , ahalogen 
atom, a nitro group, an acyl group, an acyloxy group, 
an acylamino group, a sul f onylamino group, an alkylthio 
group, an arylthio group, an aralkylthio group, a 
thiophenecarbonyloxy group, a thopheneme thyl carbony loxy 
group, and hetero ring residues, such as a pyrrolidone 
residue. And it is preferable that the number of carbon 
atoms contained in those substituents each is 12 or below. 

Examples of an alkyl group having a substituent 
include a cyclohexylethy 1 group, an 
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alkylcarbony loxymethyl group, an al kylcarbonyloxyethyl 
group, an ar ylcarbonyloxyethy 1 group, an 
aralkylcarbonyloxyethyl group, an al kyloxyme thyl group, 
an ar yloxyme thyl group, an aralkyloxymethyl group, an 
alkyloxyethyl group, an aryloxyethyl group, an 
aralkyloxyethyl group, an alkyl thiomethy 1 group, an 
aryl thiome thyl group, an aral kyl thiomethyl group, an 
alkyl thioe thyl group, an aryl thioethyl group and an 
aralkylthioethyl group. 

The alkyl moieties in the groups recited above have 
no particular restriction, but may be any of 
straight-chain, cyclic and branched ones and further may 
have any of the substituents recited above,\*such as alkyl 
and alkoxy groups. 

Examples of the alkylcarbonyloxyethyl group 
mentioned above include a cyclohexylcarbonyloxyethyl 
group, a t-but y lcyclohexylcarbony loxye thyl group, and 
an n-butyl cyclohexylcarbonyloxyethyl group . 

The aryl moieties in the groups recited above have 
no particular restriction, too. They may generally 
include aryl groups having 6 to 14 carbon atoms, such 
as a phenyl group, a xylyl group, a tolyl group, a cumenyl 
group and an anthranyl group, and further may have any 
of the substituents recited above, such as alkyl and alkoxy 
groups. Examples of the aryloxyethyl group mentioned 
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above include a phenyloxyethy 1 group and a 
cyclohexylpheny loxyethyl group, which may further have 
subst i tuent s . 

The aralkyl groups in the groups recited above have 
no particular restriction, too. An example of such 
moieties is a benzyl group. 

An example of the aral ky lcarbonyloxyethyl group 
mentioned above is a benzyl carbonyloxyethyl group, which 
may further have a substituent. 

Examples of an aralkyl group represented by each 
of L a to L 4 , Z andW in formulae (I) and (II) include aralkyl 
groups having 7:ta 1 5 carbon .atoms , such as a -benzyl.- group, 
and a phenetyl group-: ' - These groups each may further h'ave 
a substituent. 

Suitable examples of a substituent the aralkyl group 
may have include an alkoxy group, a hydroxyl group,- a 
halogen atom, a nitro group, an acyl group, an acylamino 
group, a sul f onylamino group, an alkylthio group, an 
arylthio group and an aralkylthio group. Examples of an 
aralkyl group having a substituent include an alkoxybenzyl 
group, a hydroxybenzyl group and a phenyl thiophenetyl 
group. The number of carbon atoms contained in a 
substituent the aralkyl group of Li to L 4 , Z or W can have 
is preferably 12 or below. 

Examples of a 5- or 6-membered ring formed by 
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combining Z and Li or by combining W and L 4 include a 
tet rahydropyran ring and a tet rahydrof uran ring. 

In the acid-decomposable polymer (a) used in the 
invention, the groups Z and W represent are required to 
be different from each other. 

In the invention, it is preferable that the group 
represented by W is a group having an alicyclic radical 
or an aromatic group. In such a case, the group 
represented by Z is preferably a straight-chain or 
branched alkyl group . When Wand Z represent those groups, 
the . invent ion can achieve more marked effects'; 
. - , Suitable examples of. the foregoing alicyclic group 
. includevthose containing 5 to - 12 "carbon atoms/ such as 
a cyclopentyl group, a cyclohexyl group, a 'c.ycloheptyl 
group, a cyclooctyl group, a cyclononyl *g<roup and a 
cyclodecanyl group. Suitable examples of the foregoing 
aromatic group include those containing 6 to 16 carbon 
atoms, such as a phenyl group and a naphthyl group. These 
aromatic groups each may further have a substituent, with 
examples including amethylphenyl group and an ethylphenyl 
group. Each of those alicyclic groups or aromatic 
radicals may be all that constitute the group of W, or 
may be combined with an alkylene group or another linkage 
group to form the group of W. 

Suitable examples of an alicyclic- or 
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aromatic-containing group represented by W include a 
phenoxyethyl group, a cyclohexylphenoxye thyl group, a 
cyclohexyl thioethyl group, a 

t-butylcyclohexylcarbonyloxyethyl group, an 

n-but yl eye lohexyl carbony loxye thyl group , a 

eye 1 ohex an one- 4 -yl -phenoxyethyl group, a cyclohexyl 

group, a cyclohexylethyl group, a phenetyl group and a 

benzyl group . 

Suitable examples of a straight-chain or branched 
alkyl group represented by Z include an ethyl group, a 
propyl group, an isopropyl group, an n-butyl group, an 
i-butyl group and . a t-but.yl group. ... 

It is also admi tt ed^tha t edge roughness can be 
improved by introducing' a.bulky group, such as a phenyl 
or cyclohexyl group, to the terminal of a substituted 
alkyl group or a- substituted aralkyl group as mentioned 
above . 

In the acid-decomposable polymer (a), it is 
preferable that the repeating units representedby formula 
(I) contain 5 to 60 mole % (preferably 5 to 30 mole %) 
based on the total repeating units, the repeating units 
represented by formula (II) contain 5 to 60 mole % 
(preferably 5 to 30 mole %) based on the total repeating 
units and the repeating units represented by formula ( III ) 
contains 20 to 80 mole % (preferably 40 to 80 mole %) 
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based on the total repeating units. Further, other 
repeating units may be contained in the acid-decomposable 
polymer (a) as required. 

The suitable ratio of the content of repeating units 
of formula (I) to the content of repeating units of formula 
(II) in the acid-decomposable polymer (a) ( (I) : (II) ) is 
from 0.10:1 to 1:0.10, preferably from 0.25:1 to 1:0.25. 

The present acid-decomposable polymer (a) can be 
prepared, e.g., as follows: A polymer having phenolic 
hydroxyl groups, which is preferably dissolved in an 
organic solvent, is dehydrated by using a 'process" of 
azeptropic distillation, , and then admixed'- with-' ;two "or 
more—kinds of -alkyl vinyl ether compounds - and*' an r acibl 
cat al-ys t . to undergo acetalation reaction: Thus/ the 
desired- acetal groups are - introduced into phe-nolic 
hydroxyl groups and the intended polymer is obtained. 

As the polymer having phenolic hydroxyl groups, 
polymers of hydroxys tyrenes are suitable, and copolymers 
of hydroxys tyrenes and acid-decomposable 
(meth ) acrylates (e.g. t-butyl acrylate or t-butyl 
methacrylate ) are also usable. 

For the purpose of adjusting alkali solubility of 
an acid-decomposable polymer (a) relating to the invention, 
acid- indecomposable groups can further be introduced into 
a polymer having phenolic hydroxyl groups. Suitable 
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examples of a method of introducing acid- indecomposable 
groups include a method of copolymer i zing hydroxys t yr enes 
and styrenes, acid- indecompos able (meth) acrylates or 
acid- indecomposable (me th) acrylamides , and a method of 
protecting hydroxyl groups of hydr oxy s t y r ene s with 
acid- indecompos able substituent groups. 

Suitable examples of the foregoing 
acid- indecomposable substituent group include an acetyl 
group, a mesyl group and a to luenesul f onyl group, but 
not limited to these groups. 

Examples of the foregoing styrenes include styrene, 
chloros tyr ene, dichlor.os tyrene , bromos tyr ene , . - 
dibromostyrene, iodos tyr ene > --methyl styrene , * * • ' 

dimethylstyrene, ethyl styrene , isopropyls tyrene , • * ' 
methoxystyrene, ethoxys tyrene , phenyl s tyr ene , 
t-butyl styrene and t-butoxys tyr ene . Of these styrenes, 
styrene, methylstyrene , t-but ylstyrene and 
t-butoxys tyr ene are preferred in particular. 

Examples of the foregoing acid-indecomposable 
(meth) acrylates include methyl (me t h ) acr yl at e , ethyl 
(me th ) acrylate, propyl (meth ) aery late , allyl 
(me th ) acr yla te , glycidyl (meth ) acrylate , benzyl 
(me th ) aery late and hydroxyethyl (meth) acrylate . 

Examples of acid-indecomposable (meth) acrylamides 
include (me th ) aery 1 i c amide, (meth ) acrylic phenylamide 
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and (meth) acrylic i sopropy lami de . 

Examples of monomers which can further be 
copolymeri zed include maleic acid derivatives, maleic 
anhydride derivatives, (meth) acr yloni t ri le , 
vinylpyrrolidone, vinylpyr idine and vinyl acetate. 

As mentioned above, it is possible to introduce 
copolymer i zing components and/ or acid- indecomposable 
groups into the polymer having phenolic hydroxyl groups 
within the bounds of alkali solubility adjustment for 
the acid-decomposable polymer (a) and no impairment of 
alkali developabili ty . . ' ■ . . 

.. „•■■. :Fro.m the viewpoints of dry etching resistance and 
sensitivity, it-is generally preferable that^ the' ~ ' 
hydroxys tyxene component constitutes at leas t ; 60 -nfd : l-e" % , 
favor ably ; a-t least 7 0 mole %*, based the component's making 
up the polymer having phenolic hydroxyl groups. 

The weight average molecular weight (Mw) of the 
aforementioned trunk polymer (the polymer having phenolic 
hydroxyl groups) can be measured by Gel Permeation 
chromatography (GPC) and calculated in terms of 
polystyrene . The suitable Mw of the trunk polymer is from 
2, 000 to 2 00,000, particularly from2 r 500 to 2 0, 000. When 
the Mw is increased beyond 200, 000, the solubility becomes 
poor and the resolution trends downward. 

Since the line edge roughness shows a tendency to 
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become worse the greater dispersion degree (Mw/Mn ) the 
polymer has, or the higher-order multidisperse the polymer 
is, with respect to the molecular weight distribution, 
the suitable molecular-weight dispersion degree is from 
1.0 to 3.0, preferably from 1.0 to 1.5, particularly 
preferably from 1.0 to 1.3. 

Polymers having such small molecular-weight 
dispersion degrees can be obtained by making various 
changes in conditions for polymer synthesis (amounts of 
solvent and initiator used f or • polymer i zat ion ) and 
conditions for polymer refining (kind and amount of 
reprecipitat ion solvent, and - tke .number of times the 
reprecipitat ion operation is ^performed) . 'For instance, 
the molecular weight xan be controlled by properly 
choosing amounts of pol yrae-r i z a t ion so 1 ven t and initiator 
used, and the dispersion degree of polymer can be reduced 
by selecting a solvent most suitable for reprecipitat ion 
or increasing the number of times the reprecipitat ion 
operation is repeated. 

Specifically, it is preferable that a mixture of 
at least two kinds of solvents is used as reprecipitat ion 
solvent or a reprecipi tation operation is carried out 
at least two times, and it is far preferable that a 
reprecipitat ion operation is repeated at least two times 
by using a mixture of at least two kinds of solvents as 
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reprecipitat ion solvent. Alternatively, the intended 
polymer can be obtained by synthesizing polyvinylphenol 
having a low degree of molecular-weight dispersion via 
a living anion, living radical or living cation 
polymerization method, and then making the 
polyvinylphenol undergo acetalation with alkyl vinyl 
ethers . 

As the alkyl vinyl ethers used for acetalation 
reaction, compounds represented by the following formula 
(A) are suitable: 



which may have a substituent, a cyclic alkyl group which 
may have a substituent, an aryl group which may have a 
substituent, or an aralkyl group which may have a 
substituent, and 

wherein Rs and Rt each independently represents 
an open-chain alkyl group which may have a substituent, 
a cyclic alkyl group which may have a substituent. 

The open-chain alkyl group suitable as R 1 , which 
may have a substituent, maybe a straight-chain or branched 
alkyl group containing 1 to 20 carbon atoms, preferably 



Rs 




(A) 



R 



• where in \R X 



represents an open-chain al ky 1 "groiip 
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1 to 18 carbon atoms, with examples including a methyl 
group, an ethyl group, an n-propyl group, an i-propyl 
group, an n-butyl group, an i-butyl group, a t-but yl group, 
an n-pentyl group, an i-pentyl group, a t-pentyl group, 
an n-hexyl group, an i-hexyl group, a t-hexyl group, an 
n-heptyl group, an i-heptyl group, a t-heptyl group, an 
n-octyl group, an i-octyl group, a t-octyl group, an 
n-nonyl group, an i-nonyl group, a t-nonyl group, an 
n-decyl group, an i-decyl group, a t-decyl group, an 
n-undecyl group, an i-undecyl group, an n-dodecyl group, 
an i-dodecyl group, an n-tridecyl group, an i-tridecyl 
group, an n-tetradecyl group, an i-tetradecyl group, an. 
n-pentadecyl group, an i-pentadecyl 'group, an n-hexade cy 1 
group, an i-hexadecyl group, an n-heptadecyl group, an 
i-heptadecyl group ,- an n- octadecyl group, an i-octadecyl 
group, an n-nonadecyl group and an i-nonadecyl group. 

These groups each may have a substituent as recited 
hereinafter . 

The cyclic alkyl group suitable as R 1 , which may 
have a substituent, is a cyclic alkyl group containing 
3 to 20 carbon atoms, preferably 3 to 18 carbon atoms, 
wherein a ring may be formed of up to 20 carbon atoms 
or a ring formed may have a subst i tutent . 

Examples of such a cyclic alkyl group include a 
cyclopropyl group, a cyclobutyl group , a cyclopent yl group, 
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a cyclohexyl group, a cycloheptyl group, a cyclooctyl 
group, a cyclononyl group, a cyclodecyl group, a 
cycloundecyl group , a cyclododecyl group, a cyclo t r idecyl 
group, a cyclo tetradecyl group, a cyclopentadecyl group, 
a cyclohexadecyl group, a cycloheptadecyl group, a 
cyclooct adecyl group, a cyclononadecyl group, 
4-cyclohexylcyclohexyl , a 4-n-hexylcyclohexyl group, a 
pent anyl cy cl ohexyl group, a hexy loxycyclohexyl group and 
apentanyloxycyclohexyl group. Substituted cyclic alkyl 
groups other than the examples recited above are also 
usable as R 1 as far as they are within the scope mentioned 
above ' ~ .; ■ : * ' » \ :■ 

Tho se' 'groups ^ea^ch-may have a substituent as recited * 
hereinafter.. - v" t v r- 1 " • — 

The- 'a't'yl-- group suitable as R 1 , which may have-' a ' 
substituent, is an aryl group containing 6 to 30 carbon 
atoms, preferably 6 to 25 carbon atoms, with examples 
including a phenyl group, a tolyl group, a xylyl group, 
an ethylphenyl group, a propylphenyl group, a 
me t hoxypheny 1 group, an ethoxyphenyl group, a 
propyloxyphenyl group, a 4-cyclopentylphenyl group, a 
4-cyclooctanylphenyl group, a 2-cyclopentylphenyl group, 
a 2-cyclohexylphenyl group, a 2 -cyclohept enylphenyl 
group, a 2 -cyclooctany lphenyl group, a 

3-cyclopent ylphenyl group, a 3- cyclohexylphenyl group, 
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a 3-cyclohept enylphenyl group, a 3-cyclooct anylphenyl 
group, a 4 -cyclopent yloxyphenyl group, a 
4-cyclohexyloxyphenyl group, a 4-cycloheptenyloxyphenyl 
group, a 4 -cyclooct anylphenyl group, a 

2 -cyclopent yloxyphenyl group, a 2 -cyclohexy loxyphenyl 
group, a 2 -cycloheptenyloxyphenyl group, 

2- cyclooctanyloxyphenyl group, a 3-cyclopentyloxyphenyl 
group, a 3-cyclohexyloxyphenyl group, a 

3- cycloheptenyloxyphenyl group, a 

3- cyclooct anyloxyphenyl group, a 4-n-pentylphenyl group 
a 4-n-hexylphenyl group, a 4 -n-hept enylphenyl- -group , a 

4- n-oct anylphenyl group, a 2-n-pentylpheny-l group, a. 
2-n-hexy lphenyl • group, a n-2 -hep t enylphenyl group, a 

2- n-octanylphenyl group, a 3-n-pent ylpheny 1 group, a 

3- n-hexy lphenyl group, a 3 -n-hept enylphenyl group, a 
3-n-octanylphenyl group, a 2, 6-rdi-isopropylphenyl group 
a 2 , 3-di-isopropylphenyl group, a 

2 , 4-di-isopropylphenyl group, a 3 , 4 -di- i sopr opylpheny 1 
group, a 3 , 6-di- t-buty lphenyl group, a 

2 . 3- di- t-but ylphenyl group, a 2 , 4 -di- t-but ylphenyl 
group, a 3 , 4 -di- t-buty lphenyl group, a 

2 , 6-di-n-butylphenyl group, a 2 , 3-di-n-but ylphenyl 
group, a 2 , 4 -di-n-butylphenyl group, a 

3. 4- di-n-butylphenyl group, a 2 , 6-di-i-butylphenyl 
group, a 2 , 3-di-i-butylphenyl group, a 
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2 , 4-di-i-butylphenyl group, a 3 , 4 -di - i -but ylphenyl 
group, a 2 , 6-di-t-amylphenyl group, a 

2 . 3 - di-t-amyl phenyl group, a 2 , 4 -di- 1 - amy 1 phenyl group, 
a 3, 4 -di- t-amylphenyl group, a 2, 6-di-i-amylphenyl group 
a 2, 3-di-i-amylphenyl group, a 2, 4-di-i-amylphenyl group 
a 3, 4-di-i-amylphenyl group, a 2 , 6-di-n-pent ylphenyl 
group, a 2 , 3 -di -n-pent ylphenyl group, a 

2. 4 - di-n-pentylphenyl group, a 3, 4-di-n-pentylphenyl 
group, a 4 -adamantylphenyl group, a 2-adamantylphenyl 
group, a 4-isobornylphenyl group, a 3 - i s obo rnylpheny 1 
group, a 2 - i sobbrny lphehyl gr oup , a 

4 - eye lop en t y loxyphenyl group , a 4-cyclohex.yloxyphenyL 
group, a 4 - cycl ohepteriyloxyphenyl group, *a- * -' 

4-cycloocta'riyloxyphen'yl group, a 2-cyclopent yloxypheny 1 
group, a 2 -eye 1 o^h-ex y To x y ph en y 1 group, a ' 
2-cyeloheptenyloxyphenyl group, a ■ <. • 

2- cyclooctanyloxyphenyl group, a 3-cyclopent yloxypheny 1 
group, a 3-cyclohexyloxyphenyl group, a 

3- cyclohept enyloxyphenyl group, a 

3 - eye looc tan yloxypheny 1 group , a 4 -n-pent yloxypheny 1 
group, a 4 -n-hexy loxyphenyl group, a 

4 - n- hep t enyloxyphenyl group, a 4 -n-oct any loxyphenyl 
group, a 2 -n-hexy loxyphenyl group, a 

2 -n -hep t enyloxyphenyl group, a 2 -n-oct any loxyphenyl 
group, a 3-n-penty loxyphenyl group, a 3-n-hexyloxyphenyl 
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group, a 3-n-hept enyloxypheny 1 group, a 

3-n-octanyloxyphenyl group, a 2, 6-di - i sopropyloxyphenyl 
group, a 2 , 3 -di - i sopropyloxyphenyl group, a 
2, 4-di-isopropyloxyphenyl group, a 
3, 4-di-isopropyloxyphenyl group, a 
2, 6-di- t-but yloxyphenyl group, a 

2. 3- di-t-but yloxyphenyl group, a 

2. 4- di-t-butyloxyphenyl group, a 
3, 4-di-t-butyloxyphenyl group, a 
2 , 6-di-n-but yloxyphenyl group, a 

2. 3- di-n-butyloxyphenyl group, a 

.2, 4 -di-n-but yloxyphenyl group, a • . -\ :\\ 

.3'/ 4 -di-n-but yloxyphenyl group, a a - ~ - • 

2, 6-di-i-butyloxyphenyl group, a "\ - 

2 , 3-di-i--but yloxyphenyl group, a 

2 . 4 - di-i-but yloxyphenyl group, a 

3, 4-di-i-butyloxyphenyl group, a 2, 6-di- 1- amyloxypheny 1 

group, a 2 , 3-di- t-amyloxypheny 1 group, a 

2 , 4 -di- t-amyloxyphenyl group, a 3, 4-di- t-mayloxyphenyl 

group, a 2 , 6-di-i-amyloxyphenyl group, a 

2 , 3-di-i-amyloxyphenyl group, a 2 , 4-di-i-amyloxyphenyl 

group, a 3 , 4 -di-i-amyloxyphenyl group, a 

2 , 6-di-n-pentyloxyphenyl group, a 

2 . 3- di-n-pentyloxyphenyl group, a 

2 . 4 - di-n-pent yloxyphenyl group, a 
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3 , 4 -di-n-pentyloxyphenyl group, a 4 -adamant yloxyphenyl 
group, a 3-adamanty loxyphenyl group, a 
2 -adamantyloxypheny 1 group, a 4-isobornyloxyphenyl 
group, a 3-isobornyloxyphenyl group and a 
2-isobornyloxyphenyl group. These groups each may 
further have a substituent. So the aryl group suitable 
as R 1 is not limited to the groups recited above. 

Those groups may further be substituted with 
substituents as recited hereinafter. 

The aralkyl group suitable as R 1 , which may have 
a substituent, is an aralkyl group containing 7 to 30, 
preferably 8- to 25, carbon* atoms , with examples including 
a phenylethyl group, a tolylphenylethyl group, 'a - 1 
xylylphenylethyl group, an ' ethylphenyl ethyl group, a 
propylphenylethyl group, a 4-cyclopent ylphenylethyl 
group, a 4-cyclohexylphenylethyl group, a 
4 -cyclohept enylphenyl ethyl group, a 
4 -cyclooct anylpheny lethyl group, a 
2 -cyclopentylphenyl ethyl group, a 
2-cyclohexylphenylethyl group, a 
2 -cycloheptenylphenyle thyl group, a 

2- cyclooctanylphenylethyl group, a 

3- cyclopentylphenylethyl group, a 
3-cyclohexylpheny lethyl group, a 
3-cycloheptenylphenylethyl group , a 
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3- cyclooct anylphenylethyl group, a 

4- cyclopentyloxyphenylethyl group, a 
4 -cyclohexyloxy phenyl ethyl group, a 
4-cycloheptenyloxyphenylethyl group , a 
4 -cylooctany loxyphenyl ethy 1 group , a 
2-cyclopenty loxyphenyl ethyl group , a 

2 - eye 1 oh exy loxyphenyl e thyl group, a 

2 -eye lohept eny loxyphenyl ethyl group , a 

2- cylooctanyl ox yphenyl ethyl group, a. 

3- cyclopenty loxyphenyl ethyl group, a 
3-cyclohexyloxyphenyle thyl group, a 
3-cyloh'eptenyloxypheny lethyl : group, a i-. 

3- cyl6octahylbxyphenyl lethyl ■ group, a • v y ** v v - *. -v: 

4- n-peritylphenylethyl group, ' a* 4-n-hexylphenylethyl' *• 
group, a 4 -n-hept enylpheny lethyl group, a* 

4 -n-oct anylphenylethyl group, a 2 -n-pent ylpheny lethyl 
group, a 2-n-hexylphenylethyl group, a 

2- n-heptenylphenylethyl group, a 2-n-oct anylphenylethyl 
group, a 3-n-pent ylphenylethyl group, a 

3- n-hexy lph eny 1 ethyl group , a 3 -n-hept enylpheny le thy 1 
group, a 3-n-oc t any lphenyl ethyl group, a 

2, 6-di-isopropylphenylethyl group, a 

2. 3- di-isopropylphenylethyl group, a 

2. 4- di-isopropylphenylethyl group, a 
3, 4-do-isopropylphenylethyl group, a 
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2 , 6-di-t-but ylphenylethyl group, a 

2 . 3- di-t-but ylphenylethy 1 group, a 

2 . 4- di- t-but ylphenylethyl group, a 
3, 4-di-t-butylphenylethyl group, a 
2 , 6-di-n-but ylphenylethyl group, a 

2 . 3- di-n-butylphenylethyl group, a 

2 . 4 - di-n-but ylphenylethy 1 group, a 
3, 4 -di-n-butylphenylethyl group, a 
2 , 6-di-i-butylphenylethyl group, a 

2 . 3- di-i-butylphenylethyl group, a 

2 . 4- di-i-butylphenylethyl group, a 

3, 4-di-iTbutylphenylethyl group, a ■ > 

2 , 6-di- t-amylphenyl ethyl group, a - . > 

2 . 3- di-tTamylphenylethyl group, a 

2 , 4-di- t-amylphenyle thyl group, a * - 4 . < 

3 . 4- di-t-amylphenylethyl group, a 
2 , 6-di-i-amylphenylethyl group, a 

2 . 3- di-i-amylphenylethyl group, a 

2 . 4- di-i-amylphenylethyl group, a 
3, 4-di-i-amylphenylethyl group, a 
2, 6-di-n-pentylphenyle thyl group, a 

2. 3- di-n-pentylphenyle thyl group, a 

2. 4 - di-n-pent ylphenyl e thyl group, a 
3, 4 -di-n-pentylphenyle thyl group, a 

4-adamantylphenylethyl group, a 3-adamantylphenyl ethyl 
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group, a 2-adamantylphenylethyl group, a 

4 - i soborny lphenyl ethyl group, a 3-isobornylphenylethyl 

group, a 2 -i sobornylphenylethyl group, a 

4-cyclopentyloxyphenylethyl group, a 

4 -cyclohexyl oxyphenyl e thyl group , a 

4-cycloheptenyloxyphenyl ethyl group, a 

4 - eye loo ct any 1 oxyphenyl ethyl group, a 

2-cyclopent yloxyphenyl ethyl group , a 

2 -cyclohexyl ox y phenyl ethyl group , a 

2-cycloheptenyloxyphenylethyl group, a 

2- cyclooctanyloxyphenylethyl group, a • ; . : r 

3- cyclopentyloxyphenylethyl group, a «.. ,\ : o »_ „ . ■. 
3-cyclohexyloxyphenyle thyl group, a - i Vr«^- "V s * ^ ' 

3- cyclohep kenyloxyphenyl ethyl group, a ::.<•-' 7 r-r.* 4 -. 
•3-cyclooctanylphenylethyl group, a •* ' . .v. 

4- n-pentyloxyphenylethyl group, a . 
4-n-hexyloxyphenyle thyl group, a 
4-n-heptenyloxyphenylethyl . group, a 
4-n-octanyloxyphenylethyl group, a 

2-n-pent yloxyphenyl ethyl group, a 
2-n-hexyloxyphenylethyl group, a 
2-n-heptenyl oxyphenyl ethyl group, a 

2- n-octanyloxyphenylethyl group, a 

3 - n-pent yloxyphenyl ethyl group , 
3-n-hexy loxyphenyle thyl group, a 
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3 -n-hept enyloxy phenyl ethyl group , a 
3-n-octany loxypheny lethyl group, a 
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3, 4~di-i-amyloxyphenylethyl group, a 
2, 6-di-n-pent yloxyphenyl ethyl group, a 
2, 3-di-n-pentyloxyphenylethyl group, a 
2, 4 -di-n-pentyloxyphenylethyl group, a 
3, 4 -di-n-pentyloxyphenylethyl group, a 
4 -adamant y loxypheny lethyl group, a 

3- adamant y loxypheny lethyl group, a 

2- adamanyloxyphenylethyl group, a 

4- isobornyloxyphenylethyl group, a 

3- i soborny loxypheny lethyl group and a 

2- i sobornyloxypheny lethyl group. Further, groups : - 
formed by ^replacing the alkali groups of' those groups 
with methyl/- "propyl or butyl groups may be included iri 
example's o f < an s - <a:r al ky l group suitable as R 1 ..- 

These "groups may further have substituents' as ' 
mentioned below; 

Examples of substituents the aforementioned groups 
may have include a hydroxyl group, halogen atoms (fluorine , 
chlorine, bromine, iodine) , a nitro group, a cyano group, 
the alkyl groups as recited hereinbefore, alkoxy groups 
(e.g., methoxy, ethoxy, hydroxye thoxy , propoxy, 
hydroxypropoxy , n-butoxy, isobutoxy, sec-butoxy, 
t-butoxy) , alkoxycarbonyl groups (e.g., me thoxycarbonyl , 
ethoxycarbonyl ) , aralkyl groups (e.g. , benzyl, phenetyl, 
cumyl), aralkyloxy groups, acyl groups (e.g., formyl, 
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acetyl, butyryl, benzoyl, valeryl), acyloxy groups (e.g., 
butyryloxy) , the alkenyl groups as recited hereinbefore, 
alkenyloxy groups (e.g., vinyloxy, propenyloxy, allyloxy, 
butenyloxy) , the aryl groups as recited hereinbefore, 
aryloxy groups (e.g., phenoxy) , and ar yloxycarbonyl 
groups (e.g., benzoyloxy) . 

Those substituents may further be substituted as 
far as the number of carbon atoms in each of the substituted 
ones, such as substituted aryl groups and substituted 
aralkyl groups, is within the range defined above. 

Examples of a compound represented by formula (A) 
include ethyl vinyl ether, n-propyl vinyl ether , isopropyl 
vinyl ether, n-buty.l vinyl ether, t-butyl* vinyl ether, ■ 
cyclohexyl vinyl ether, n-hexyl vinyl ether, benzyl vinyl 
ether, cyclohexylethyl vinyl, ether, phenoxyethyl vinyl 
ether, cyclohexylphenoxyethy 1 vinyl ether, 
4 -carbonylcyclohexy lphenoxye thyl vinyl ether, 
t-but yl cyclohexyl carbonyloxy ethyl vinyl ether , 
cyclohexyl thioethyl vinyl ether, and 
n-butyl cyclohexyl car bony loxye thyl vinyl ether. 
However, the compounds are not limited to these examples, 
but may include any vinyl ethers as far as they can 
substantially undergo acetalation reaction with phenolic 
hydroxyl groups in polymers . Of those compounds, t-butyl 
vinyl ether, isopropyl vinyl ether and cyclohexyl vinyl 
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ether, especially t-butyl vinyl ether, are preferred over 
the others . 

Moreover, the following compounds are also 
preferable : 

methyl isopropenyl ether, butyl isopropenyl ether, phenyl 
isopropenyl ether, benzyl isopropenyl ether, cyclohexyl 
isopropenyl ether, cyclohexylphenoxyethyl isopropenyl 
ether . 

The suitable quantity of at least two kinds of alkyl 
vinyl ether compounds used in the reaction is from 5 to 
95 mole %, preferably from 10 to 60 mole %, particularly' 
preferably, from 15. to. 5 0 mole %, based on the total phenolic - 
hydroxyl groups contained in the polymer having phen'oldtf 
hydroxyl groups. . ^v.'-.r . - - < .. . « 

The. organic solvent used in the reaction has' -n*6 : 
particular restrictions so far as it is an inactive solvent ; 
Specifically, propylene glycol methyl ether acetate 
(PGMEA), 2-heptanone, ethyl ethoxypropiona t e , methyl 
pyruvate, ethyl pyruvate and tetr ahydrof ur an are each 
usable as such a solvent. Of these solvents, PGMEA and 
2-heptanone are preferred over the others. 

The reaction solvent is generally used in the amount 
of 100 to 1, 000 parts by weight, based on 100 parts by 
weight of polymer having phenolic hydroxyl groups. 
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Polymers applicable to the present 
acid-decomposable polymer (a) can be used alone or as 
a combination of two or more thereof. For instance, a 
combination of acid-decomposable polymers (a) 
synthesized from two or more kinds of phenolic 
hydroxyl-containing polymers different in molecular 
weight and compositional ratio, or a combination of two 
or more kinds of acid-decomposable polymers different 
in acetal protection rate can be chosen for the purpose 
of enhancing resist performances including sensitivity, 
resolution and profile. 

In synthesizing/an acid-decomposable polymer (a) , 
a polymer having phenolic ■ hydroxyl groups* rs. 1 dissolved 
in an organic solvent as mentioned above-lav'solvent 
inactive in acetalation reaction) , * and tfren- a water 
content in the resulting solution is removed by 
reduced-pressure distillation, if needed, and thereto 
two or more kinds of alkyl vinyl ether compounds are added. 
The alkyl vinyl ether compounds may be added 
simultaneously or in succession. The acetalation 
reaction proceeds from the addition of an acid catalyst. 

Any of inorganic and organic acids can be used as 
the acid catalyst. However, organic acids are preferable 
to inorganic ones because the former acids leave no 
metallic impurity residue. And the most favorable ones 
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of all organic acids are p- toluenesulf onic acid and 
pyridinium p- toluenesulf onate . 

For the purpose of ceasing the acetalation reaction, 
it is appropriate to effect neutralization with a basic 
compound . If the neutralization is not carriedout, there 
is a fear that the residual acid impairs the storage 
stability of resist. The basic compound usable herein 
has no particular restriction so far as it can neutralize 
the acid added as the catalyst and the salt formed can 
be removed in a washing step. Of all basic compounds, 
organic basic compounds are favorable because they leave 
no metallic impurity residue . Examples thereof include 
triethylaminey triihef hyl amine >> -pyridine , aminopyridine , 
piperazine and imidazole .' - Among them, trie thylamine and 
pyridine are -most ^advantageous . . . < 

After completion of the acetalation reaction and 
subsequent neutralization, it is preferable to eliminate 
the salt remaining in the reaction system by means of 
ultrapure water. 

Examples of an acid-decomposable polymer (a) having 
repeating units represented by formulae (I), (II) and 
(III) are illustrated below. 
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The content of acid-decomposable polymer (a) in the 
present resist composition is generally from 70 to 80% 
by weight, preferably from 75 to 96% by weight, far 
preferably from 80 to 96% by weight, based on the total 
solids in the composition. 

(b) Compound capable of generating acid by irradiation 
of actinic ray or radiation (hereinafter referred to as 
"photo-acid generator (b)", too) 

The photo-acid generator (b) used in the invention 
can be selected appropriately from photo-initiators r for 
cationic" photo-polymerization, photo-initiators for" ' 
radical photo-polymer i zat ion, photo -de coloring agent s 
for dyes, photo-discoloring agents, compounds "which' are 
used in mi cror esi st and can generate acids when irradiated 
with known light (including 400-200 nm ultraviolet rays 
and far ultraviolet rays, particularly preferably g-ray, 
h-ray, i-ray and KrF excimer laser light), ArF excimer 
laser light (193 nm) , F 2 excimer laser (157 nm) , EUV (13 
nm) , electron beams , X-rays, molecular beams or ion beams, 
or mixtures of two or more thereof. 

Examples of another photo-acid generator usable 
in the invention as a compound capable of generating an 
acid upon irradiation with an actinic ray or radiation 
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include onium salts, such as diazonium salts, ammonium 
sal ts , phosphonium salt s , iodonium salts, sul f onium salt s , 
selenonium salts and arsonium salts; organic halogen 
compounds ; organome tal 1 ic/halogenated organic 
compounds; photo-acid generators having protective 
groups of o-nitrobenzyl type; compounds generating 
sulfonic acid by photolysis, typically iminosul f onate ; 
disulfone compounds, di a zoke tosul f one and 
dia zodisul f one compounds . 

In addition, it is also possible to use polymers 
having main or side chains in which axe introduced the 
groups or compounds capable of generating acids when 
irradiated with the foregoing light. \ . • 

Further, the compounds capable of generating acids 
upon exposure to light as described in V.N.R. Pillai, 
Synthesis , (1), 1 (1980), A. Abad et al . , Tetrahedron 
Lett . , (47), 4555 (1971), D.H.R. Barton et al., J. Chem. 
Soc . , (C), 329 (1970), U.S. Patent No. 3,779,778 and 
European Patent No. 126,712 can be employed, too. 

Of the compounds capable of generating acids upon 
irradiation with the foregoing actinic rays or radiation, 
the compounds illustrated below can be used to particular 
advantage . 
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(1) Trihalomethyl-substi tuted oxazole derivatives 
represented by the following formula (PAG1) or 
trihalomethyl-subst ituted s-triazine derivatives 
represented by the following formula ( PAG 2 ) : 



N-N 

R 201 ^V^C(Y) 3 
(PAG1) 

In the. above formuLae., R 201 represents a substituted 
or unsubsti tuted aryl or alkenyl group, R 202 ^represents 
a substituted or unsubsti tuted aryl, alkenyl or alkyl 
group, or -C(Y) 3/ and Y l represents a chlorine .or bromine' 
a t om . 

Examples of those derivatives include the following 
compounds, but these examples should not be construed 
as limiting such derivatives. 



R 202 

N^N 

<Y) 3 C^N^C(Y)3 
(PAG2) 
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N-N 

^ CH=CH — C *C - CCI 3 

(PAG1-1) 





N-N 





CH3 ~\_/ CH=CH ~~ Cv o' C " 00,3 

(PAG1-2) 



OCH3 

CCI 3 ^ ^ 

1 

N^N 

A A N^N N^N 

CI 3 C^N CCI3 II I J 

(PAG2-1) CI3C -N- CCI3 ClaC^N^CCIa 

(PAG2-2) (PAG2-3) 



(2) Iodonium salts represented by the following formula 
( PAG 3 ) or sulfonium salts represented by the following 
formula ( PAG 4 ) : 
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Ar 1 R 203 
Ar 2 R 205 

(PAG3) (PAG4) 



In the above formula, Ar 1 and Ar 2 each represents 
a substituted or unsubst i tuted aryl group independently, 
and R 203 , R 204 and R 205 each represents a substituted or 
unsubsti tuted alkyl or aryl group independently. 

And Z" represents a counter anion, with examples 
including BF 4 ", AsF 6 ", PF 6 V SbF 6 ", SiF 6 2 ~, C10 4 ~, 
per f luoroal kanesul f onic .acid anions such as CF3SO3", 
pent a f luo rob en zene sulfonic /acid anion, condensed, 
polynuclear aromatic sulfonic acid anions such as 
naphthalene- 1-sul f onic acid anion, - 
anthr aquinonesul f onic acid anion, and dyes containing 
sulfonic acid groups. However, the counter anion of Z~ 
should not be construed as being limited to those examples . 

In addition, any two of R 203 , R 2CM and R 205 , and Ar 1 
and Ar 2 may be combined with each other via their respective 
single bonds or substituent groups. 

Examples of those onium salts are illustrated below, 
but the compounds illustrated below should not be 
construed as limiting photo-acid generators usable in 
the invention. 
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C 12 H 25 (PAG3-1) 




(PAG3-2) 



CF 3 S0 3 v 



(PAG3-4) 



© jT\ / (PAG3_5) 



0 5 N 





N0 2 H 3 C- 




© 



AsF 6 Q 




(PAG3-6) 



CH a 



(PAG3-8) 



H 3 C-^ f— \®—\ j^-CH 3 

© 

H 3 C 



CH 3 °3 S 



(PAG3-9) 



(n)C 7 H 15 -k /> 




,© 





^/-(n)C 7 H 1s / 
(PAG3-10) H 3 co_ 



OCH 3 
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F 3 C -^y~ • CF 3 CF3SO3 0 (PAG3-1 2) 



CO2CH2CH2CH2CH3 

\ J- 1 -V7 0 o 3 s^\ (PAG3 " 13) 
H3C00C C00CH3 \=/ 



CI CI 





(PAG3-14) 



l Bu 





12 n 25 



Bu 



0 (PAG3-15) 





(PAG3-16) 




r ci 



CFaSof 



(PAG3-17) 
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fy^ \ C 12 H 25 P H 3 



•s 

(PAG4-1) 




•S® AsF 6 0 



3 

(PAG4-3) 




S® CF3SO3 0 




S w C^F^SC^ 
'(PAG4-6) 



F F CF 3 SO 0 



(PAG4-7) 



H 3 CO-£ 



H 3 C 




HO 



(PAG4-8) 



^ /-S-CH3 PF 



CF3SO? 
(PAG4-9) 



I 

CH 3 
(PAG4-10) 

C 4 Hg 




H 3 C CHa 




C 4 Hs 
(PAG4-12) 



H 3 CO 
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0 



(PAQ4-14) 



(PAG4-15) 



H 3 C 

hq ~C/~ s ^~/° 




H,C 



CH 2 S0 3 u 



(PAG4-16) 
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CbFi 7 S03 
(PA64-17) 
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^~^-C-CH 2 -S — CH 3 SbF 6 0 ^^-C-CH 2 -S^] PF 6 G 



CH 3 
(PAG4-18) 



CH3CH2CH2CH2O 

O 
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The onium salts represented by the foregoing 
formulae ( PAG 3 ) and ( PAG 4 ) are known compounds and can 
be synthesized using the methods as described in J.W. 
Knapczyk et al., J. Am, Chem. Soc. , 91, 145 (1969), A.L. 
Maycok et al., J. Org . Chem. , 35, 2532 (1970) , E. Goethas 
et al., Bull Soc. Chem. Belg. , 73, 546 (1964), H.M. 
Leicester, J. Am. Chem. Soc , 51, 3587 (1929), J.V. 
Crivello et al . , J. Polym. Chem. Ed. , 18, 2677 (1980), 
U.S. Patent Nos . 2,807,648 and 4,247,473, and 
JP-A-53-101331 . 

(3) Disulfone derivatives represented by the following 
formula ( PAG 5 ) oraminosulf onate derivatives represented 
by the following formula ( PAG 6 ) : 



Ar 3 -S0 2 -S0 2 -Ar 4 R 206 - S O i-O-N^A 

Y 

(PA65) (PAG6) ° 

In the above formulae, Ar 3 and Ar 4 each represents 
a substituted or unsubsti tuted aryl group independently, 
R 206 represents a substituted or unsubst ituted alkyl or 
aryl group, and A represents a substituted or 
unsubsti tuted alkylene, alkenylene or arylene group. 
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The compounds illustrated below are examples 
those derivatives, but these examples should not 
construed as limiting photo-acid generators usable 
the invention. 
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(PAG5-3) (PAG5-4) 




(PAG5-15) 
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(PAG6-13) 




O F F 

(PAG6-14) 



N-0-S0 2 -^~^-F 
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(PAG6-15) 




(PAG6-16) 
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(4) Diazodisul f one derivatives represented by the 
following formula (PAG7) : 

9 N 2 o 
II II 2 II 

R-S — 11 — S— R 

II II 

o o 

(PAG7) 

Herein, R represents a straight-chain, branched 
or cyclic alkyl group, or an unsubst ituted or substituted 
ar yl group . 

The following compounds are examples of those 
derivatives, but these compounds should not be construed 
as limiting photo -acid generators usable in the. invent ion . 



58 



(PAG7-1) 




O o 

(PAG7-2) 
O N 2 O 

o o 

(PAG7-3) 

The addition amount of those compounds capable of 
decomposing and generating acids upon irradiation with 
an actinic ray or radiation is generally within the range 
of 0.001 to 40% by weight, preferably 0.01 to 20% weight, 
far preferably 0.1 to 10% by weight, more preferably 2 
to 10% by weight, most preferably 6 to 10% by weight, 
based on the total solids in the composition. 

The addition of the compounds in a proportion of 
0. 001% byweight or more is desirable in view of sensitivity. 
While the addition in a proportion of not higher than 
40% by weight is also desirable in view of film shape 
and profile . 
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(C) Solvent 

The present composition is dissolved in an organic 
solvent in which each of the foregoing components and 
optional components as mentioned hereinafter can dissolve, 
and coated on a support. 

Suitable examples of a solvent used herein include 
ethylene di chloride, cyclohexanone, cyclopentanone, 
2-heptanone, y-but yrolactone, methyl ethyl ketone, 
ethylene glycol monomethyl ether, ethylene glycol 
monoethyl ether, 2 -me thoxye thyl ace t a te , ethylene glycol 
monoethyl ether acetate, propylene glycol monomethyl 
ether, propylene glycol monomethyl ether acetate , toluene,.- 
ethyl acetate, , methyl lactate, ethyl lactate', methyl':, 
me t hoxypropiona t e , ethyl ethoxypropionate, methyl - 
pyruvate, ethyl pyruvate, propyl pyruvate, - * ■ . 

N, N-dime thyl forma i de , dimethyl sulfoxide, 
N-methylpyrrolidone and t et rahydro f ur an . These organic 
solvents can be used alone or as combinations of two or 
more thereof . 

Of the solvents recited above, the preferred ones 
are 2-heptanone, y-butyrolactone, ethylene glycol 
monomethyl ether, ethylene glycol monoethyl ether, 
ethylene glycol monoethyl ether acetate, propylene glycol 
monomethyl ether, propylene glycol monomethyl ether 
acetate, propylene glycol monoethyl ether acetate, methyl 
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lactate, ethyl lactate, methyl methoxypr opiona t e , ethyl 
ethoxypropionate, N-me thy 1 pyrrol i done and 
tetrahydrofuran. 

(Other components usable in the invention) 

In the present positive resist composition for 
electron-beam, X-ray or EUV, alkali-soluble resins 
containing no acid-decomposable groups can be mixed in 
addition to the acid-decomposable polymer (a) , andthereby 
the sensitivity can be increased. 

The alkali-soluble resins having no 
acid-decomposable groups (simply referred to as 
"alkali-soluble resins", hereinafter) are re sins soluble 
in alkali, and suitable examples thereof include 
polyhydroxys tyrene, novolak resins and derivatives 
thereof. In addition, copolymer resins containing 
p-hydroxys tyrene units can be used as far as they are 
soluble in alkali. 

Of those resins, poly (p-hydroxyst yrene ) , 
copolymer of p-hydroxys tyrene and m-hydroxyst yrene , 
copolymer of p-hydroxyst yrene and o-hydroxys tyrene , and 
copolymer of p-hydroxys tyrene and styrene are preferred 
over the others. Further, poly (alkyl-subs tituted 
hydroxys tyrene ) resins, such as 
poly ( 4 -hydroxy- 3-methylstyrene) and 

61 



poly ( 4-hydroxy-3, 5-dimethylstyrene) , and resins 
prepared by partially alkylating or acetylating the 
hydroxyl groups of the resins recited above can be used 
favorably as far as they are soluble in alkali. 

Moreover, when part of the phenol nuclei of the 
foregoing resins each (at most 30 mole % based on the 
total phenol nuclei) is hydrogenat ed, the transparency 
of the resin is enhanced to produce desirable effects 
on sensitivity, resolution and formation of rectangular 
profile . 

The suitable amount of alkali-soluble resins having 
no acid-decomposable groups added to the present- 
composition is from 2- to 60% by weight, preferably from 
5 to 30% by weight, based on the total solids in the 
composition'; 

The present positive resist composition responsive 
to electron beams, X-rays or EUV can further contain, 
if needed, a cid-de compos able dissolution-inhibiting 
compounds, dyes, plast ici zer s , surfactants, 
photo-sensit izers , basic compounds, and compounds 
capable of promoting dissolution in developers. 

In the present positive resist composition 
responsive to electron beams, X-rays or EUV, (d) a 
fluorine-based and/or silicon-based surfactant 
(including a fluorine-based surfactant, a silicon-based 
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surfactant and a surfactant containing both fluorine and 
silicon atoms) can further be incorporated. 

Examples of such a surfactant (d) include the 
surfactants disclosed in JP-A- 62 - 3 6 6 63 , JP -A- 6 1 - 2 2 6 7 4 6 , 
JP-A- 61-226745, JP- A- 6 2 - 1 7 0 9 5 0 , JP-A- 6 3 - 3 4 54 0 , 
JP-A-7-230165, JP-A-8-62834 , JP-A- 9-54 4 32, JP-A-9-5988, 
and U.S. Patent Nos. 5,405,720, 5,360,692, 5,529,881, 
5,296,330, 5, 436, 098, 5, 576, 143, 5 , 2 9 4 , 5 1 1 and 5 , 8 2 4 , 4 5 1 . 
In addition, the following commercially available 
surfactants can be used as they are. 

Examples of commercial surfactants usable herein 
-■ include fluorine-based surfactants and silicon-based 
.' . surfactants, such as Eftop EF301 and EF303 (manufactured 
by Shin-Akita Kasei K.K.), Florad FC430 .and FC431 
(manufactured by Sumitomo 3M, Inc. ) , Megafac F171, F173, 
F176, F189 and R08 (manufactured by Dainippon Ink & 
Chemicals, Inc.), Surflon S-382, SC101, SC102, SC103, 
SC104, SC105 and SC106 (manufactured by Asahi Glass Co. , 
Ltd.) , and Troysol S-366 (manufactured by Troy Chemical 
Industries, Inc.) . In addition, organosiloxane polymer 
KP-341 (manufactured by Shin-Etsu Chemical Co., Ltd.) 
can be used as a silicon-containing surfactant. 

The amount of those surfactants mixed is generally 
from 0.01 to 2% by weight, preferably from 0.01 to 1% 
by weight, based on the total solids in the present 
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composition . 

Those surfactants can be used alone or as 
combinations of two or more thereof. 

In the present positive resist composition 
responsive to electron beams, X-rays or EUV, (e) a basic 
compound/ preferably anorganicone, canbeused. Byusing 
such a compound, the storage stability of the resist can 
be enhanced. 

Organic basic compounds (e) usable to advantage 
in the invention are compounds having stronger basicity 
than phenol: Of ; such compounds, nitrogen-containing 
basic compounds are preferable to others. - 

Structures represented by the following formulae 
(A) to (E) can provide'the nitrogen atoms in such compounds 
with favorable chemical- environments. ... . 



,251 



Ft 



250 



I 

N 



R 



252 



(A) 



Herein, R °, R and R , which may be the same 
or different, each represents a hydrogen atom, an alkyl 
group having 1 to 10 carbon atoms, an aminoalkyl group 
having 1 to 6 carbon atoms, a hydroxyalkyl group having 
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1 to 6 carbon atoms, or a substituted or unsubsti tuted 
aryl group having 6 to 20 carbon atoms. Further, R 251 and 
R 252 may be combined with each other to form a ring. 

I I 

— N — C=N - - (B) 

II 

=C— N=C — - (C) 

... (D) 

- (E) : 



=C— N — 



R 253 - 



R 254 
I I 

C — N 
I 



R 
I 



255 



— C — R 
I 
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In the formula ( E ) , R , R , R and R Zb6 , which 
may be the same or different, each represents an alkyl 
group having 1 to 6 carbon atoms. 

The compounds preferable by far are 
nitrogen-containing cyclic compounds or 

nitrogen-containing basic compounds having at least two 
nitrogen atoms per molecule in different chemical 
environments . 
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As the nitrogen- containing cyclic compounds, those 
having polycyclic structures are more suitable. Good 
examples of a nitrogen-containing polycyclic compound 
include compounds represented by the following formula 
(F) : 




In the above formula, Y and Z each represents an 
unsubs t i tuted or substituted straight-chain, branched 
or cyclic alkylene group, which may contain a hetero atom, 
independently. 

Examples of such a hetero atom include a nitrogen 
atom, a sulfur atom and an oxygen atom. Suitable examples 
of such an alkylene group include 2-10C, preferably 2-5C, 
alkylene groups. Examples of substituents the foregoing 
alkylene groups can have include 1-6C alkyl groups, aryl 
groups, alkenyl groups, halogen atoms and 
halogen-substituted alkyl groups. 

Examples of a compound represented by formula (F) 
include the compounds illustrated below. 
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Of these compounds, 
1 , 8-diazabicyclo[5.4.0] undeca-7-ene and 

l,5-diazabicyclo[4.3.0]nona-5-ene are preferred over 
the others . 

As the nitrogen-containing basic compounds' having 
at least two nitrogen atoms per molecule in different 
chemical environments, compounds containing in. each 
molecule both a substituted or unsubs ti tuted amino group 
and a nitrogen-containing cyclic structure and compounds 
having alkylamino groups are especially preferred. 
Examples of such especially preferred compounds include 
guanidine, 1, 1 -me thy 1 guani dine , 1,1,3, 3- tet raguanidine , 
2 - ami nopyr i dine , 3- aminopyr idine , 4 -aminopyr idine , 
2 -dimethyl ami nopyridine , 4 -dime thy 1 aminopyr idine , 
2 -die thy 1 aminopyr idine , 2- ( aminomethyl ) pyridine, 
2 -amino- 3 -me thy lpyr idine , 2 -amino 4 -me thy lpyr idine , 
2 - amino- 5 -me t hy lpyr idine , 2 -amino- 6 -me thy lpyr idine , 
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3 -ami no ethyl pyridine, 4-aminoethylpyridine, 

3- aminopyrrolidine, piperazine, 
N- ( 2- aminoethyl ) pipera zine , 

N- ( 2 - aminoethyl ) piperidine, 

4- amino-2, 2, 6, 6- tetramethylpiperidine, 

4- piperidinopiperidine, 2-iminopiperidine, 

1- ( 2 - aminoethyl ) pyrrol idine , pyrazole, 
3- amino- 5 -me thylpyr a zole , 

5 - ami no- 3 -me thyl- 1-p-tolylpyrazole, pyrazine, 

2- ( aminome thyl ) -5-methylpyrazine, pyrimidine, 
2, 4 -diaminopyr imidine , 4, 6-dihydroxypyr imidine , 
2-pyrazoline, 3-pyrazoline , N-aminomorphol ine , 
N- ( 2-aminoethyl ) morpholine, trimethylimidazole, 
tr iphenylimidazole, and me thyldiphenyl imidazole . 
However, these examples should not be construed as y 
limiting the scope of the basic compounds usable in the 
invention . 

These basic compounds are used alone or as 
combinations of two or more thereof. The proportion of 
the basic compounds used to the total solids in the resist 
composition is generally from 0.001 to 10% by weight, 
preferably from 0.01 to 5% by weight. 

The addition of basic compounds in a proportion lower 
than 0.001% by weight cannot produce the intended effect, 
whi le the addition in proportions higher than 10% byweight 
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tends to lower the sensitivity and cause deterioration 
of de velopabi 1 i t y in unexposed areas. 

Compounds usable in the invention for promoting 
dissolution into a developer are low-molecular-weight 
compounds containing at least two phenolic OH groups or 
at least one carboxyl group per molecule and having 
molecular weight of 1,000 or below. When the compounds 
have carboxyl groups, it is preferable that they are 
alicyclic or aliphatic compounds for the same reasons 
as mentioned above. 

The suitable proportion of these ■ * 

dissolution-pr.omoting compounds is from 2 to 50%.by weighty . .■• 
preferably trom 5 to 30% by weight, based on the polyme'rrs: - 
used in the invention. Those compounds added in a r 
proportion "greater than 50% by weight give rise" to r - ^ 
aggravation of development residue and a new defect that 
patterns are deformed at the time of development. 

It is easy for persons skilled in the art to 
synthesize the foregoing phenolic compounds having 
molecular weight of 1,000 or below by reference to the 
methods as described in JP-A- 4 - 1 2 2 9 3 8 , JP-A- 2 - 2 8 53 1 , U.S . 
Patent 4,916,210 and European Patent 2,192,294. 

Examples of such phenolic compounds include those 
recited below, but the compounds usable in the invention 
should not be construed as being limited to these examples . 
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Namely, examples of phenolic compounds usable in 
the invention include resorcinol, phloroglucine , 
2, 3, 4- tr ihydroxybenzophenone, 
2 , 3, 4 , 4' -tetrahydroxybenzophenone, 
2/3,4,3' ,4', 5' -hexahydroxyben zophenone , 

acetone-pyrogal lol condensation resin, phloroglucoside, 

2,4,2' ,4'-biphenyltetraol, 

4, 4' -thiobis (1, 3 -di hydroxy) benzene, 

2, 2 ' , 4 , 4 ' - te trahydroxydiphenyl ether, 

2, 2 f , 4 , 4 ' - te trahydroxydiphenyl sulfoxide, 

2 , 2 ' , 4 , 4 ' - 1 e trahydroxydiphenyl sul f one , 

tri s ( 4 -hydroxyphenyl ) methane ,. ...... 

1. 1- bis ( 4 -hydroxypheny 1 ) cyclohexane, 
4 , 4- (a-me thylbenzylidene) bisphenol , 

a, a' , a"-tris ( 4 -hydroxypheny 1 ) - 1 , 3, 5-triisopropylbenz 
ene, 

a, a' ,a"-tris ( 4 -hydroxypheny 1 ) -l-ethyl-4-isopropylben 
zene, 1,2,2-tris ( hydroxypheny 1 ) propane, 

1.1.2- tris(3, 5 -dime thyl- 4 -hydr oxypheny 1 ) propane , 
2, 2, 5, 5-tetrakis ( 4 -hydroxypheny 1 ) hexane , 

1. 2- tetrakis ( 4 -hydr oxyphenyl ) ethane, 

1. 1. 3- tris (hydroxyphenyl )butane, and 
para[a,a,a f ,a'-tetrakis ( 4 -hydroxyphenyl ) ] xylene . 

As dyes used in the invention, fat dyes and basic 
dyes are suitable. Examples of such dyes include Oil 
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Yellow #101, Oil Yellow #103, Oil Pink #312, Oil Green 
BG, Oil Blue BOS, Oil Blue #603, Oil Black BY, Oil Black 
BS, Oil Black T-505 (all of which are products of Orient 
Chemical Industries, Ltd.), Crystal Violet (CI42555), 
Methyl Violet (CI42535), Rhodamine B (CI45170B), 
Malachite Green (CI42000) and Methylene Blue (CI52015) . 

For the purpose of enhancing the rate of acid 
generation by exposure to light, photo-sensitizers as 
recited below can be added. Examples of 

photo-sensitizers suitable for such a purpose include 
benzophenone , p, p' - tetramethyldiaminobenzophenone , . . 
p, p' - tetraethylethylaminobenzophenone , . . ■•: "i 

2-chlorothiox'arithone , anthrone, 9- e thoxyan thr acene , .: 
anthracene, pyrene, perylene, phenothiazine, . benzil, : 
Acridine "Orange,- benzoflavin, Cetof lavin-T, * 
9, 1 O-diphenylanthracene, 9- f luor enone , ace tophenone , 
phenanthrene , 2 -ni t rof luor ene , 5-ni troacenaphthene , 
ben zo qui none, 2-chloro-4-nitroaniline, 
N-acetyl-p-nitroaniline, p-nitroaniline, 
N-acetyl-4-nitro~ 1 -naphthy 1 amine , pier amide , 
anthraquinone , 2 - ethyl an thr a qui none , 

2- tert-but y 1 ant hr aquinone , 1 , 2 -ben z anthraquinone, 

3- methyl-l, 3-diaza-l, 9-benzanthrone , dibenzal ace tone , 
1 , 2 -naphthoquinone , 

3, 3' -carbonyl-bis (5, 7-dimethoxycarbonylcoumarin) and 
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coronene, but photo-sensi ti zer s usable in the invention 
should not be construed as being limited to these 
compounds . 

Those phot o- sensiti zer s can act also as absorbents 
of far ultraviolet rays of a light source used. In this 
case, the light absorbents can reduce reflected light 
from a substrate and lessen the influence of multiple 
reflections within the resist film, thereby producing 
an effect of standing-wave improvement. 

To the present compositions, surfactants other than 
the foregoing fluorine- and/or s i 1 i con- containing 
surfactants can also be added. Examples of such 
•surfactants include 'nonionic surfactants, sUch as 
•polyoxy ethylene alkyl ethers (e.g., polyoxyethylene 
lauryl ether, polyoxyethylene stearyl ether, 
polyoxyethylene cetyl ether, polyoxyethylene oleyl 
ether), polyoxyethylene alkyl aryl ethers (e.g., 
polyoxyethylene octyl phenol ether, polyoxyethylene 
nonyl phenol ether) , polyoxyethylene-polyoxypropylene 
block copolymers, sorbitan fatty acid esters (e.g., 
sorbitan monolaurate, sorbitan monopalmitate, sorbitan 
monos teara te , sorbitan monooleate, sorbitan trioleate, 
sorbitan tristearate) , and polyoxyethylenesorbitan 
fatty acid esters (e.g., polyoxyethylene sorbitan 
monolaurate, polyoxyethylene sorbitan monopalmitate , 

72 



pol yoxye thyl ene sorbitan monostearate, polyoxyethylene 
sorbitan trioleate, polyoxyethylene sorbitan 
tristearate ) . 

The amount of these surfactants mixed is generally 
at most 2% by weight, preferably at most 1% by weight, 
based on the total solids in the present composition. 

These surfactants may be added alone, or some of 
them can be added as combinations. 

The electron-beam, X-ray or EUV positive resist 
composition relating to the invention is coated on a 
substrate for production^of precision integrated circuit 
elements (e.g., silicon/silicon dioxide coating) in- > 
accordance with -arr appropriate coating method, e.g., a 
method of -using a spinner or a coater. After coating 4 , 
the resist composition is pre-baked, exposed to light 
via the desired mask, post-baked, and then developed. 
Thus, resist patterns of good quality can be obtained. 

As the exposure light source used herein, far 
ultraviolet rays having wavelengths of 250 nm or below 
are suitable. Examples of exposure light usable herein 
include KrF excimer laser (248 nm) , ArF excimer laser 
(193 nm) , F 2 excimer laser (157 nm) , EUV (13 nm) , X-rays 
and electron beams. 

Examples of an alkali developer usable for the 
present electron-beam, X-ray or EUV positive resist 
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composition include aqueous alkaline solutions 
containing inorganic alkalis (such as sodium hydroxide, 
potassium hydroxide, sodium carbonate, sodium silicate, 
sodium me tas i 1 icate and aqueous ammonia) , primary amines 
(such as ethylamine and n-propyl amine ) , secondary amines 
(such as diethylamine and di-n-buty lamine ) , tertiary 
amines (such as t r ie thylamine and methyldie thylamine ) , 
alcoholamines (such as dimethylethanolamine and 
triethanolamine ) , quaternary ammonium salts (such as 
tetramethyl ammonium hydroxide and t etrae thy 1 ammonium 
hydroxide), or cyclic amines (such as pyrrole and 
. piper idine) . . 

.. ... . The aqueous alkaline solutions to which alcohol 

and surfactants are further added in appropriate amounts 
can. also be used.. ... 
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EXAMPLES 

The invention will now be illustrated in greater 
detail by reference to the following examples, but these 
examples should not be construed as limiting the scope 
of the invention. 

Synthesis Example 1 

(Synthesis of Polymer B-l as acid-decomposable polymer 
(a) ) 

Poly(p-hydroxystyrene) produced by Nippon Soda Co . , 
Ltd. (Resin R-l) (molecular weight: 8,000, dispersion 
degree: 1.05) in an amount of 50 g was dissolved in 240 
g of propylene glycol 'mon'omethyl ether acetate ( PGMEA) . 
This solution was heatecT at 60°C and evacuated "till the 
pressure in the reaction vessel was reduced to '20 mmHg. 4 
Thus , about 4 0 g of the solvent was distilled away together 
with the water remaining in the system. 

The resulting solution was cooled to 20°C, and then 
admixed with 6.1 g of ethyl vinyl ether, 4 . 0 g of 
cyclohexylphenoxyethyl vinyl ether synthesized 
separately, and 0.02 g of par a to luenesul f onic acid, 
followed by stirring for one hour at room temperature. 
Thereafter, 0.02 g of triethyl amine was further added 
for neutralization, and extraction operation using 240 
g of ethyl acetate and 140 g of water was performed three 
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times. The thus obtained polymer was referred to as B-l. 
Synthesis Examples 2 to 15 

(Synthesis of Polymers B-2 to B-15 as acid-decomposable 
pol ymer s ( a ) ) 

Acid-decomposable polymers were synthesized in the 
same manner as in Synthesis Example 1, except that the 
polymer having phenolic hydroxyl groups (trunk polymer) 
and the two kinds of alkyl vinyl ethers were replaced 
by those shown in Table 1, respectively, and referred 
to as Polymers B-2 to B-10, respectively.* 

In addition, a comparative resin (C-l) was 
synthesized in the same manner' as described 'ab'ave/: Except 
that only one kind of alkyl vinyl ether shown in- Table 
1 was used for acetalation. 
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Table 1 



Synthesis 
Example 


Acid de- 
composable 
polymer 


Trunk 
polymer 
(50 g) 


Alkyl vinyl 
ether 1 
(amount used) 


Alkyl vinyl 
ether 2 
(amount used) 


2 


B-2 


R-1 


ethyl vinyl 
ether (6.1 g) 


cyclohexylphenoxy- 
ethyl vinyl ether 
(9.6 g) 


3 


B-3 


R-2 


ethyl vinyl 
ether (6.1 g) 


t-butylcyclohexyl- 
carbonyloxyethyl vinyl 
ether (12.1 g) 


A 

*T 


D-H 


r\- O 


ethyl vinyl 
ether (6.1 g) 


cyclohexylethyl vinyl 
ether (11.3 g) 




Q C 


P 1 


isobutyl vinyl 
ether (6.1 g) 


cyclohexylthioethyl 
vinyl ether (13.5 g) 


6 


B-6 


R-2 


ethyl vinyl 
ether (6.1 g) 


n-butylcyclohexyl- 
carbonyloxyethyl vinyl 
ether (9.7 g) 


7 


B-7 


R-3 


isobutyl vinyl 
ether (6.1 g) 


phenoxyethyl vinyl 
ether (7.8 g) 


8 


B-8 


R-4 


ethyl vinyl 
ether (6.1 g) 


4-carbonylcyclo-. 
hexylphenoxyethyl 
vinyl ether (8.8 g) 


9 


B-9 


R-4' 


isobutyl vinyl 
ether (7.1 g) 


benzyl vinyl ether 
(9.1 g) 


10 


B-10 


R-r 


ethyl vinyl 
ether (6.1 g) 


cyclohexylphenoxy- 
ethyl vinyl ether 
(9.6 g) 


11 


B-11 


R-1 


methyl 
isopropenyl 
ether (6.3 g) 


benzyl vinyl ether 
(12.0 g) " I 


12 


B-12 


R-2 


butyl 

isopropenyl 
ether (6.1 g) 


cyclohexylmethyl vinyl 
ether (13.0 g) 


13 


B-13 


R-4 


butyl 

isopropenyl 
ether (6.3 g) 


cyclohexyl isopropenyl 
ether (10.8 g) 


14 


B-14 


R-1 


butyl 

isopropenyl 
ether (5.2 g) 


cyclohexylphenoxy- 
ethyl isopropenyl ether 
(13.0 g) 


15 


B-15 


R-1 


phenyl 
isopropenyl 
ether (4.3 g) 


phenetyl vinyl ether 
(10.9 g) 


Compara- 
tive resin 


C-1 


R-4 


ethyl vinyl 
ether (8.5 g) 
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R-l: poly (p-hydroxystyrene) , molecular weight : 8,000, 

dispersion degree: 1,05 
R-2: p-hydroxystyrene/p-acetoxystyrene (85/15) 

copolymer resin, 

molecular weight: 9,000, dispersion degree: 1.4 
R-3 : p- hydroxys tyrene/ t-butylacrylate (85/15) 
copolymer resin 

molecular weight: 10,000, dispersion degree: 1.5 
R-4: p-hydroxys tyrene/styrene (95/5) copolymer resin, 

molecular weight: 10,000, dispersion degree: 1.5 
R-l' : poly (p-hydroxystyrene) , molecular weight: 8,000, 

dispersion degree: 2.0 

• > The SL-ei'd-de compos able polymers B-l to B- 1 0 'aivd^C^-l 
were prepared. i : nto PGMEA solutions having the same' sol-Jrd • 
concentration of 20% by weight and used in the following 
examples and comparative example, respectively. 

EXAMPLES 1 TO 2 0 AND COMPARATIVE EXAMPLE 1 
(Preparation and Evaluation of Positive Resist 
Compositions ) 

Combinations of ingredients shown in Table 2 were 
each dissolved into 8.4 g of PGMEA, and passed through 
a 0.1-p filter. 

Thus, positive resist compositions were prepared. 
Therein, the PGMEA solutions of acid-decomposable 
polymers were each used in an amount of 7.66 g. 
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Table 2 





Acid de- 
composable 
polymer 


Photo-acid 
generator 
(amount used) 


Surfactant 


Basic 
comDound 
(amount used) 


Example 1 


B-1 


D-1 (Ci Oft n^ 

D-3 (0.12 g) 


F-1 • 


DBN (0.01 g) 


Example 2 


B-2 


D-2 (0.22 g) 


F-1 


DBN (0.01 g) 


Example 3 


B-3 


D-3 (0.20 g) 


F-2 


j DBN (0.01 g) 


Example 4 


B-4 


D-1 (0.18 g) 


F-1 


DBN (0.01 g) 


Example 5 


B-5 


D-2 (0.09 g) 


F-2 


DMPA (0.02 g) 


Example 6 


B-6 


D-1 (0.22 g) 


F-1 


trinpt\/lamin^ 
ii lu^iyidniiiit: 

(0.01 g) 


Example 7 


B-7 


D-2 (0.20 g) 


F-2 


DMAP (0.02 g) 


Example 8 


B-8 


D-3 (0.10 g) 


F-1 


DBN (0.01 g) 


Example 9 


B-9 


D-2 (0.20 g) 


F-1 


trioctylamine 
(0.01 g) 


Example 10 


B-10 . 


D-1 (0.20 g) 


F-1 


DMAP (0.02 g) 


Example 11 


. B-1 


D-1 (0.60 g) 


. F-1 


DBN (0.01 g) 


Example 12 


B-2 


D-1 (0.-56 g) 


F-1 


DBN (0.01 g) 


Example 13 


B-3 


D-2 (0.50 g) 


F-1 


DMAP (0.01 g) 


Example 14 


B-6 


D-1 (0.58 g) 


F-2 


DBN (0.01 g) 


Example 15 


B-7 


D-2 (0.50 g) 


F-2 


DBN (0.01 g) 


Example 16 


B-11 


D-1 (0.60 g) 


F-1 


DBN (0.01 g) 


Example 17 


B-12 


D-1 (0.56 g) 


F-1 


DBN (0.01 g) 


Example 18 


B-13 


D-2 (0.50 g) 


F-1 


DMAP (0.01 g) 


Example 19 


B-14 


D-1 (0.79 g) 


F-2 


DBN (0.01 g) 


Example 20 


B-15 


D-1 (0.68 g) 


F-1 


DBN (0.01 g) 


Comparative 
Example 1 


C-1 


D-1 (0.10 g) 


F-1 


DBN (0.01 g) 
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In each resist solution, the proportion of 
surfactant added was 100 ppm to the total ingredients 

The structural formulae of the photo-acid 
generators used are as follows: 




O O 
(D-3) 
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As to the surfactants used, F-l stands for Megafac 
R08 (manufactured by Dainippon Ink & Chemicals, Inc.), 
and F-2 stands for Troysol S-366 (manufactured by Troy 
Chemical Industries, Inc.) . 

As to the basic compounds used, DBN stands for 
1 , 5-diazabicyclo [ 4 . 3 . 0 ] nona-5-ene , and DMAP stands for 
4-N, N- dime thy laminopyr idine . 

Each of those positive resist compositions was 
uniformly coated on a hexamethyldisilazane-tr eated 
silicon wafer by means of a spin coater, and dried by 
heating for 90 seconds on a 12 0°C hot plate , thereby forming 
a 0.3 |im-thick resist film. 

<Formation and Evaluation, of Positive Resist- Patterns> 
Each of the resist films formed was irradiated with 
electron beams by use of an electron-beam drawing 
apparatus (HL750, made by Hitachi Ltd., acceleration 
voltage : 5 0 KeV) . After the irradiation, each resist film 
was heated at 110°C for 90 seconds. Then, it was immersed 
in a 2.38% by weight aqueous solution of 

tetramethylammonium hydroxide for 60 seconds, rinsedwith 
purified water for 30 seconds, and then dried to form 
patterns . 

Profile shapes of the patterns thus formed were 
observed with a scanning electron microscope (S-4300, 
made by Hitachi Ltd.). The limiting resolution (the 
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smallest of all dimensions of line-and-space patterns 
separated and resolved) under the exposure permitting 

resolution of 0.15 jim lines ( line : space=l : 1 ) was defined 
as resolution. 

Each of the wafers was set in a vacuum chamber, 
irradiated with electron beams in the irradiation amount 
providing the foregoing sensitivity, and baked 
(heat-treated) at 110°C for 90 seconds just after the 
irradiation and after a 3- hour lapse from the irradiation, 
and further subjected to development-processing as 
mentioned above, thereby forming line patterns. 

And a 0.15 |im line pattern obtained through 
development-processing via the baking just' after the"- 1 * 
electron-beam' irradiation and a 0.15 \im line pattern 
through development-processing via the baking after the 
3-hour lapse from the electron-beam irradiation were 
examined for line width and line edge roughness by means 
of a scanning electron microscope (S-9220, made by Hit achi 
Ltd.) . (Specifically, each 0.15 ^im line pattern was 
examined for line edge extended over a range of 5 \im in 
the length direction, and how distant the line edge was 
from the reference line on which the line edge was to 
lie was measured at each of 50 points within the foregoing 
range. Further, the standard deviation (a) of the 
measured values was determined, and 3a (nm) was taken 
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as an indication of edge roughness). 

Results obtained are shown in Table 3. 
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Table 3 





Pocnh itinn 

(Hiri) 


Line width 
cnange (nmj 
under in-vacuo 

nrn 

rbU 


Line edge roughness under 

in-vacuo PED 
(just after irradiation -» after 
3-hour lapse from 
irradiation) (nm) 


Example 1 


0.09 


1.6 


6.1 -» 6.2 


Example 2 


0.10 


1.7 


! 6.4 -> 6.5 


Example 3 


0.10 


1.6 


6.3 -> 6.4 


Example 4 


0.11 


1.7 


6.4 -> 6.5 


Example 5 


0.10 


1.6 


6.7 6.9 


Example 6 


0.11 


1.7 


6.5 -> 6.6 


Example 7 


0.11 


1.6 


6.3 -> 6.4 


Example 8 


0.10 


1.7 


6.4 -» 6.6 


Example 9 


0.11 


1.7 


6.6 -» 6.8 


Example 10 


0.10 


1.6 


7.8 -> 8.1 


Example 11 


0.10 


1.7 


5.8 -> '5.9 


Example 12 


0.10 


1.7 


5.8 -> 6.0 


Example 13 


0.11 


1.8 


5.9 -> 6.0 


Example 14 


0.10 


1.7 


5.9 ->.6.0 


Example 15 


0.10 


1.7 


6.0 -> 6.2 


Example 16 


. 0.10 


1.8 


6.4 6.6 


Example 17 


0.11 


1.7 


6.2 6.3 


Example 18 


0.11 


1.7 


6.5 -> 6.7 


Example 19 


0.10 


1.8 


6.6 6.8 


Example 20 


0.10 


1.8 


6.6 -> 6.8 


Comparative 
Example 1 


0.13 


3.0 


10.1 -> 10.8 
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As can be seen from the results shown in Table 3, 
the positive resist compos i t i ons according to the 
invention had excellent electron beam- r e spons i ve 
properties and offered high resolution, less extent of 
line edge roughness and reduced line-width change under 
in-vacuo PED, compared with the comparative one. 

<Evaluation of Response to EUV Exposure> 
EXAMPLES 21 TO 22 AND COMPARATIVE EXAMPLE 2 

Resist films were formed from the resist 
compositions prepared in Examples 1 to 2 and Comparative 
Example 1, respectively, in the same manner- as in Example 
1. Herein, however, the resist film thickne's-s- was 
adjusted'to 0.25 p,m . Each of the resist film 'obtained 
was subjected to mask exposure by means of EUV" light 
(wavelength: 13 nm) as the exposure amount was. increased 
by 0.5 mJ at a time in the 0-5.0 mJ range, and then baked 
at 110°C for 90 seconds. Thereafter, sensitivity curves 
were determined by measuring dissolution speeds under 
each exposure by use of a 2.38% water solution of 
tet rame thylammonium hydroxide (TMAH) . 

On each sensitivity curve, the exposure under which 
the resist dissolution speed reached the saturation point 
was defined as sensitivity, and dissolution contrast (y 
value) was calculated from the slope of a linear portion 
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of the sensitivity curve. The greater the y value, the 
higher the dissolution contrast. 

The results obtained are shown in Table 4. 



Table 4 





Sensitivity 
(mJ/cm 2 ) 


y value 


Example 21 


2.0 


10.0 


Example 22 


2.0 


10.5 


Comparative 
Example 2 


2.5 


8.0 



As can be seen from- the results shown in Table 4, 
the positive resist compositions according to the ' * 
invention had excellent E.UV- l.iight-responsi ve properties 
and offered high sensitivity- and high contrast, compared 
with the comparative composition. 

By incorporating an acid-decomposable polymer (a) 
having repeating units represented by at least formulae 
(I), (II) and (III) in a positive resist composition 
relating to the invention, both requirements for in-vacuo 
PED characteristic and line edge roughness in the case 
of using electron beams are satisfied at the same time, 
and excellent sensitivity and dissolution contrast are 
achieved in the case of using EUV light. 
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